Genetic characterization of southern African cichlids has not received much attention. Here, 35 we describe the mitogenome sequences and phylogenetic positioning of Oreochromis andersonii and 36 O. macrochir among the cichlids of southern Africa. The complete mitochondrial DNA sequences 37 were determined for O. andersonii and O. macrochir, two important aquaculture and fisheries species 38 endemic to southern Africa. The complete mitogenome sequence lengths were 16642 bp and 16644 39 bp for O. andersonii and O. macrochir respectively. The general structural organization follows that 40 of other teleost species with 13 protein-coding genes, 2 rRNAs, 22 tRNAs and a non-coding control 41 region. Phylogenetic placement of the two species among other African cichlids was performed using 42 Maximum Likelihood (ML) and Bayesian Markov-Chain-Monte-Carlo (MCMC). The consensus 43 trees confirmed the relative positions of the two cichlid species with O. andersonii being very closely 44 related to O. mossambicus and O. macrochir showing a close relation to both species. Among the 13 45 mitochondrial DNA protein coding genes ND6 may have evolved more rapidly and COIII was the 46 most conserved. There are signs that ND6 may have been subjected to positive selection in order for 47 these cichlid lineages to diversity and adapt to new environments. More work is needed to 48 characterize the southern Africa cichlids as they are important species for capture fisheries, 49 aquaculture development and understanding biogeographic history of African cichlids. Bio-50 conservation of some endangered cichlids is also essential due to the threat by invasive species. 51 55 species in this region [2]. The former occurs in the upper Zambezi, Middle Zambezi, Kafue, 56 Okavango and Cunene Rivers while the latter is distributed in the Upper Zambezi, Kafue, and Congo 57 River systems [2-4]. Oreochromis macrochir has further been introduced to the Hawaiian Islands, 58 Okavango and Ngami region and Cunene River basin [4]. Oreochromis andersonii (Three-spot tilapia)
Introduction
Africa is the origin centre for cichlid diversity with well over 2000 species having diverse 53 morphology, behaviour and ecology [1] . In Southern Africa Oreochromis andersonii (Castelnau 1861)
54
and Oreochromis macrochir (Boulenger 1912) are two important mouth brooding endemic cichlid 59 and O. macrochir (Green head tilapia) are important for both capture fisheries and aquaculture in 60 Southern Africa [5] . However, due to the increase in fishing pressure as a result of an ever growing 61 human population in this region as well as the introduction of Nile tilapia (O. niloticus) in almost all 62 river systems where the native species occur, populations of these native species has greatly dwindled 63 to vulnerable levels [6, 7] . Nile tilapia hybridization with these native species and consequent decline 64 in their population may as well make these species critically endangered in some southern African 65 rivers such as the Kafue River [8] [9] [10] . Despite Nile tilapia dominating aquaculture production in 66 Southern Africa, efforts are been made to domesticate native species. This is partly as a result of the 67 growing concern of ecosystem changes in most river systems due to Nile tilapia invasion. A number 68 of studies in Zambia have shown potential for aquaculture of some native tilapia species [11] [12] [13] [14] . In-69 fact, the Zambian Department of Fisheries have adopted O. andersonii as a candidate species for 70 aquaculture development [15] .
71
Molecular genetic studies on cichlids in Africa have been biased towards phylogenetics of East
72
African Lakes [16] [17] [18] . Nile tilapia has also received global attention because of its importance as an 73 edible fish [19] . A few peer reviewed scientific papers have reported the use of molecular genetics in 74 the study of southern African cichlids. Phylogenetic relationships have been inferred among and 75 between cichlid species based on selected mitochondrial DNA regions and some allozymes [20] [21] [22] [23] [24] .
76
However, none of these phylogenetic analyses were based on complete mitogenome sequences. and MitoAnnotator [37-39] revealed some differences in sizes of the protein coding genes and the two 146 rRNAs. However, annotation results using the three methods were similar for all tRNAs (S2 Table) .
147
The largest difference was observed in gene ND5 were DOGMA and MITOS differed from 149 macrochir were similar in all the three annotation methods used except ND2 final position with a 150 difference of 7 bp and ND5 initial position with a difference of 3 bp (S2 Table) . Comparing the results 151 obtained, annotation from Mitoannotator was selected for submission to the Genbank (Table 2) .
152 153 9617  9688  72  0  H  ND3  9689  10037  349  ATG  TAG  0  H  tRNA Arg  10038  10106  69  0  H  ND4L  10107  10403  297  ATG  TAA  0  H  ND4  10397  11786  1390  ATG  T++  -7  H  tRNA His  11787  11855  69  0  H  tRNA Ser  11856  11922  67  0  H  tRNA Leu  11927  11999  73  4  H  ND5  12000  14300  2301  ATG  TAA  0  H  ND6  13840  14361  522  ATG  TAA  - 211 macrochir = 9.9).
212
The adaptive radiation of African cichlids is unparalleled so far among the vertebrates. To understand 213 the role of mitogenome protein coding genes in the evolution of these cichlid species we analysed the Fig 2) . Our findings indicate that all protein coding genes evolved under 222 purifying selection except for ND6 gene which had an elevated rate of dN/dS indicative of evolution 223 under positive selection. We can conclude that ND6 gene may have evolved more rapidly than any 224 other protein coding gene among these African cichlids.
225
The overall p-genetic distance was used to measure the conservation of the protein coding genes in 226 the mitogenome of these 20 cichlid species. Calculation was performed on the 1 st and 2 nd , 3 rd and 227 whole sequence codon positions. On the 1 st and 2 nd codon positions, the highest overall mean p-228 distance was on gene ND6 (0.1581) followed by ATPase 6 (0.1268) and least was gene COIII 229 (0.0193). For the whole sequence, the highest overall p-distance was recorded in ATPase 6 (0.1389)
230
followed by ND6 (0.1288) and ATPase 8 (0.0990) had the least value (Fig 3) . Based on these results
231
ND6 likely may have the highest evolutionary rate and COIII been the most conserved gene among 232 the mitogenome protein coding genes of these cichlid species which could have radiated into many 233 species due to geographical isolation [1] . 
234

Ribosomal and Transfer RNAs
243
The two rRNAs for both species had a total length of 944 bp and 1694 bp which was within the range 244 reported for vertebrate mitogenomes. The nucleotides percent compositions of rRNAs of O.
246 were very similar. They also showed a higher percentage of AT than GC pairs (52.7, 47 
